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Abstract 
 
 ThermoRaman spectroscopy has been used to study the mineral segnitite 
PbFe3(AsO4)2(OH)6 a member of the jarosite mineral group. The hot stage Raman 
spectroscopic technique identifies the temperatures for the dehydration and 
dehydroxylation as 200 and 400 °C.  No changes are observed in the spectra attributed 
to the arsenate unit until after dehydroxylation. The results of Raman spectroscopy are 
in agreement with the results of thermogravimetric analyses coupled to evolved gas 
mass spectrometry. The Raman spectrum of segnitite is characterised by an intense band 
at 860 cm-1 and bands at 848 and 811 cm-1 attributed to the arsenate ν1 and ν3 modes.  
Bands observed at 998 and 931 cm-1 are assigned to ν1 symmetric stretching vibration of 
the sulphate and phosphate units.  Thermal treatment causes the ν1 band to shift to 850 
cm-1 at 400 °C.  Hydroxyl stretching bands are observed at 3216, 2982, 3467 and 3440 
cm-1. These bands are attributed to OH units each coordinating the Fe3+ in octahedral 
FeO2(OH)4 building blocks.  The ν2 and ν4 modes are split for segnitite indicating a 
lowering of the symmetry of the (AsO4)3- unit.   
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Introduction 
 
 Alunites are a supergroup of minerals with more than 40 representatives [1].  
Any discussion of the alunite supergroup should also include the groups based upon  
woodhouseites M2+M3+(OH)6(XO4)(YO4) (X = S or Se; Y = P or As) and florencites 
M’3+M3+(OH)6(YO4)2 (M’ = Bi, rare earths).  Further relations between woodhouseites 
and crandallites where XO4 is replaced by HYO4 should also be included. The minerals 
are normally divided into two groups depending on the dominant trivalent cation being 
Al3+ or Fe3+. This subdivides the group into alunites and jarosites. Typically the formula 
is given by M+M3+(XO4)(OH)6 where M+ is a monovalent cation, M3+ the trivalent 
cation and X is the tetrahedral anion and may be S or P or As. These groups are 
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dominated by the presence of sulphate.  The alunite group may be divided into 
subgroups depending on the anion. If sulphate id the dominant anion the alunite 
subgroup is formed, if phosphate is the anion, then the crandallite subgroup is formed 
and if arsenate is the anion the group forms the arsenocrandallite group. The equivalent 
group to alunite is jarosite and only a few jarosites with phosphate or arsenate are 
known [2-7]. The phosphates with Fe3+ are benauite [HSrFe3+3(PO4)2(OH)6], kintoreite 
[PbFe3+3(PO4)2(OH,H2O)6], corkite [PbFe3+3(PO4)(SO4)(OH)6] and zairite 
[Bi(Fe3+,Al)3(PO4)2(OH)6]. The arsenates are dussertite [BaFe3+3(AsO4)2(OH)5], 
segnitite [PbFe3H(AsO4)2(OH)6] and beudantite [PbFe3(AsO4)(SO4)(OH)6]. Thus 
segnitite is the mineral PbFe3H(AsO4)2(OH)6 although sometimes the formula is written 
as PbFe3(AsO4)2(OH,H2O)6 [8].  Hence segnitite is a lead iron arsenate mineral of the 
alunite-jarosite family, and is found at the Kintore open cut mine, Broken Hill, New 
South Wales, Australia [8]. 
 
 Segnitite is a mineral of which very little is known [2, 4, 8-10].  Birch et al 
pointed out that segnitite is the As end-member of the lusungite group and the Fe3+ 
analogue of philipsbornite [8]. It is formed by oxidation of primary ore rich in galena 
and arsenopyrite-loellingite [8].  The structure of the mineral is probably related to that 
of beudanite. From powder XRD its structure is hexagonal, space group R 3 m.  The 
structure of segnitite based upon Reitfeld measurements is shown in Figure 1. The anion 
layering in this figure  clearly shows the (AsO4)3- ion coordinating through its oxygens 
to three adjacent Fe3+ atoms in octahedral FeO2(OH)4 building blocks. The Pb2+ ions are 
bonded to oxygen which is shared with Fe3+. In the unit cell there are three formula 
units per unit cell. The oxygens (shown as black and white bonds) are oxygens from 
water or hydroxyl groups coordinating to the Fe3+.  The structure may be regarded as a 
series of layers involving tetrahedral-octahedral-tetrahedral sheets.  These sheets are 
held together by the divalent cations. Serna et al point out that the iron in jarosites and 
the aluminium in alunites are linked thorough hydroxyl groups [11]. These authors also 
provided crystallographic parameters for the a and c axes for a number of synthetic 
alunites and jarosites. It was found that variation in the a parameter was both sample 
and mineral dependent whereas the c parameter remained constant [11].   
 
 The study of the Raman spectra of arsenate compounds goes back to the earliest 
invention of the technique [12, 13].  More recently Raman spectroscopy has been 
applied to the study of many mineral systems containing the arsenate anion [14-22].  
The Raman spectra of the tetrahedral anions in aqueous systems are well known.  The 
symmetric stretching vibration of the arsenate anion (ν1) is observed at 810 cm-1 and 
coincides with the position of the asymmetric stretching mode (ν3). [19-21] The 
symmetric bending mode (ν2) is observed at 342 cm-1 and the out-of-plane bending 
modes (ν4) is observed at 398 cm-1.  The effect of the arsenate ion in a crystal will be to 
remove the degeneracy and allow splitting of the bands according to factor group 
analysis.  The ν1 and ν3 bands of olivenite and euchroite were observed at 860, 828, 790 
cm-1 and 830 and 770 cm-1 respectively.   The bending modes were found at 493 and 
452 cm-1 for olivenite and at 475 and 410 cm-1 for euchroite.   
 
 In many studies the assumption is made that synthetic jarosites are identical and 
behave the same as the natural jarosites [23].  Whilst some powder XRD studies can be 
used to study jarosites such studies are of limited value as the jarosite compounds may 
be poorly diffracting and the XRD pattern will be dominated by the highly crystalline 
materials such as potassium sulphate which is present.  Vibrational spectroscopy allows 
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a better method for the study of these minerals. Infrared spectroscopy has been used to 
study jarosite minerals but failed to detect cationic differences in the jarosite structures 
[11, 24-28].  Raman spectroscopy has been used to study jarosites but some previous 
studies failed to study the complete spectra [11, 25, 29].   Further the lack of 
crystallinity of the synthetic samples studied may have made the collection of Raman 
spectral data difficult.  Most studies have involved the use of synthetic jarosites [23].  A 
detailed study of the vibrational spectra of jarosites has been undertaken [11].  However 
minerals outside the alunite-jarosite group such as segnitite were not included. 
 
 As a part of our on-going research into the use of vibrational spectroscopy in 
particular Raman spectroscopy to assist in the elucidation of the structures of minerals 
especially secondary minerals, we report the Raman and infrared spectra of the segnitite 
minerals. These spectra are related to the recently determined mineral structures. In this 
paper, Raman and infrared spectra of segnitite are reported.  In particular the use of 
vibrational spectroscopy to determine the presence or absence of water in the segnitite 
structure is investigated. 
 
Experimental 
Minerals 
  Several segnitites from different origins were used in this study. The mineral 
sample (museum Victoria sample M30044, Segnitite) originated from Broken Hill (31 
58 S, 141 29 E) New South Wales, Australia. The minerals were analysed by X-ray 
diffraction for phase purity and by electron probe using energy dispersive techniques for 
quantitative chemical composition.  The EDAX analyses showed the presence of S and 
P as 0.6 and 0.4 % respectively compared with As as As2O5 at 28.5 %.  Significant 
amounts of Zn (1.9 %) and Al (1.05 %) were also found. 
 
X-ray diffraction 
 
X-ray diffraction (XRD) patterns were recorded using CuKα radiation (n = 
1.5418Ǻ) on a Philips PANalytical X’ Pert PRO diffractometer operating at 40 kV and 
40 mA with 0.125° divergence slit, 0.25° anti-scatter slit, between 3 and 15° (2θ) at a 
step size of 0.0167°.  
Thermal Analysis 
 
 Thermal decompositions of the hydrotalcites were carried out in a TA® 
Instruments incorporated high-resolution thermogravimetric analyzer (series Q500) in a 
flowing nitrogen atmosphere (80 cm3/min). Approximately 50mg of sample was heated 
in an open platinum crucible at a rate of 2.0 °C/min up to 500°C. The TGA instrument 
was coupled to a Balzers (Pfeiffer) mass spectrometer for gas analysis. Only selected 
gases were analyzed. 
Raman spectroscopy 
 
The crystals of segnitite were placed and oriented on the stage of an Olympus BHSM 
microscope, equipped with 10x and 50x objectives and part of a Renishaw 1000 Raman 
microscope system, which also includes a monochromator, a filter system and a Charge 
Coupled Device (CCD). Previous studies by the authors provide more details of the 
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experimental technique [30-33]. Spectra at elevated temperatures were obtained using a 
Linkam thermal stage (Scientific Instruments Ltd, Waterfield, Surrey, England).  
Spectral manipulation such as baseline adjustment, smoothing and normalisation was 
performed using the GRAMS® software package (Galactic Industries Corporation, 
Salem, NH, USA).  
Infrared spectroscopy 
 
 Infrared spectra were obtained using a Nicolet Nexus 870 FTIR spectrometer 
with a smart endurance single bounce diamond ATR cell. Spectra over the 4000−525 
cm-1 range were obtained by the co-addition of 64 scans with a resolution of 4 cm-1 and 
a mirror velocity of 0.6329 cm/s. Spectra were co-added to improve the signal to 
noise ratio. 
 
Results and discussion 
 
Raman spectra at 298 K 
 
 The mineral segnitite has distinct vibrating units according to the formula 
[PbFe3H(AsO4)2(OH)6]. The EDAX analyses show the presence of both phosphate and 
sulphate at around the 1% level.  Thus the formula could be modified to be 
[PbFe3H(AsO4,PO4,SO4)2(OH)6]. EDAX measurements also show the presence of Zn 
and Al but these are not included in the formula. These units are (AsO4)3- , (HAsO4)2-, 
PO4 and SO4 and OH-.  Infrared spectra of some six segnitite samples from the Kintore 
deposit show no infrared bands in the 1630 cm-1 region.  Thus the formula written as 
PbFe3(AsO4)2(OH,H2O)6 is not correct. The correct formula is (PbFe3H(AsO4)2(OH)6) 
with some phosphate and sulphate isomorphic substitution.  The question arises as to 
the position of the proton in the structure.  Such positions cannot be determined by X-
ray diffraction. It is unlikely the proton takes up a position similar to Pb. The proton is 
probably in some bi or trifurcated bonding with adjacent oxygens.  Figure 1b shows the 
position of the oxygens and the oxygen-oxygen distances. It is probable the proton sits 
in the high electron density between the oxygens. This means that O-H-OAsO3   bonding 
occurs giving rise to (HAsO4)2- anions.  This means HAsO4 and AsO4, both part of the 
layers, are different oscillating subunits with different wavenumbers.  Recently Frost 
and co-workers studied mixite minerals with these two types of anions [34-36].  It was 
shown that each anion in the mixite structure gave separate and independent spectra.  
Serna et al. gave the a parameter for alunites as ~7Å and for jarosites ~7.3 Å.  The 
spacing between the tetrahedral layers in segnitites is 6.335Å. The Al-OH bond distance 
was 1.879 Å for alunites and the FeOH bond distance 1.975 in jarosites.  The OH-OSO3 
bond distances were the same for both mineral groups and was 2.92Å.  The estimated 
bond distances for OH-OAsO3 is 2.73Å for segnitite. 
 
 
 Vibrational spectroscopy has been used to study the coordination chemistry of 
(AsO4)3- ions for some considerable time. [37-42]  Vansant et al. showed the 
frequencies of the (AsO4)3- units of Td symmetry as 818 (A1), 786 (F-stretching), 405 
(F-bending) and 350 cm-1 (E). [40]  Vibrational spectroscopic studies have shown that 
the symmetry of the (AsO4)3- polyhedron are strongly distorted and the (AsO4)3-  
vibrations are strongly influenced by the protonation, cation presence and water 
coordination. [39-42]  The symmetric stretching vibration of the arsenate anion in 
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aqueous systems (ν1) is observed at 810 cm-1 and coincides with the position of the 
antisymmetric stretching mode (ν3). [37] The symmetric bending mode (ν2) is observed 
at 342 cm-1 and the (ν4)  bending modes at 398 cm-1.  Of all the tetrahedral oxyanions, 
the positions of the arsenate vibrations occur at lower wavenumbers than any of the 
other naturally occurring mineral oxyanions.  The Raman spectra at 298 and 77 K and 
the ATR-IR spectrum of segnitite in the 650 to 1300 cm-1 region are shown in Figure 2.  
The 100 to 650 cm-1 region are shown in Figure 3 and the 2400 to 3800 cm-1 region is 
shown in Figure 4.  The first figure displays the bands due to the (AsO4)4- stretching 
modes; the second figure the (AsO4)4- bending modes and Figure 3 reveal the OH 
stretching region.  
 
 The Raman spectrum of segnitite is dominated by an intense band at 859.7  
cm-1 with a band width of 56.8 cm-1. In addition two bands at 848.2 and 811.0 cm-1 are 
observed with band widths of 15.6 and 38.4 cm-1.  The first band is assigned to the ν1 
stretching vibration and the latter two to the ν3 antisymmetric stretching vibrational 
modes. For mixites two Raman bands are observed in the region 885 to 915 cm-1 and in 
the 867 to 870 cm-1 region. These are assigned to the AsO stretching vibrations of 
(HAsO4)2- and (H2AsO4)- units. [39, 40]  According to Myeni et al. (see Myeni table 3) 
the band at around 915 cm-1 corresponds to the antisymmetric stretching vibration of  
protonated (AsO4)3- units and the band at around 870 cm-1 to the symmetric stretching 
vibration of the protonated (AsO4)3- units [41, 42] . No bands were observed in these 
positions for segnitites, which brings into doubt the formation of (HAsO4)2- units. In the 
Raman spectrum of segnitite a sharp peak is observed at 998 cm-1. This band may be 
attributed to the ν1 symmetric stretching vibration of the sulphate units which have 
replaced the arsenates.  The band may also be observed in the infrared spectrum at 994 
cm-1.   A broad band is observed centred at 931 cm-1 and may be assigned to ν1 
symmetric stretching vibration of the phosphate units.  Intense infrared bands at 1162, 
1078, 1062 and 1010 cm-1 are attributed to the antisymmetric stretching modes of 
sulphate and phosphate and confirm the presence of these anions in the structure.  
 
 In comparison the basic copper arsenate minerals olivenite [Cu2(AsO4)(OH)] 
shows two bands at 853 and 820 cm-1; cornwallite [Cu5(AsO4)2(OH)4] at 859 and 806 
cm-1; cornubite [Cu5(AsO4)2(OH)4] at 815 and 780 cm-1 and clinoclase 
[Cu3(AsO4)(OH)3] at 823 and 771 cm-1 [21].  For annabergite [Ni3(AsO4)2.8H2O] bands 
are observed at 854 and 800 cm-1; at 852 and 792 cm-1 for erythrite [Co3(AsO4)2.8H2O] 
and at 875 and 807 cm-1 for hörnesite [Mg3(AsO4)2.8H2O]. Also in contrast, the Raman 
spectrum of gartrellite Pb[(Cu,Zn)(Fe3+, Zn, Cu)] (AsO4)(OH,H2O)2 shows bands in the 
AsO4 stretching region in the spectrum obtained at 298 K region at 869, 842, 812 and 
785 cm-1. The first band is assigned to the AsO4 symmetric stretching vibration and the 
latter three to the antisymmetric stretching modes.  In the infrared spectrum the most 
intense band is at 791.8 cm-1 and corresponds to a water librational mode. The IR 
arsenate bands are observed at 886.3 and 854.3 cm-1.  Griffith reported Raman bands for 
a synthetic annabergite at 859 and 820 cm-1 [43].  
 
 The low wavenumber region of segnitite is shown in Figure 3. This region 
shows the bending region of the (AsO4)3- ion. Intense bands are observed at 481.1, 
464.9, 440.5 cm-1 and at 418.9, 369.9 and 341.9 cm-1. The first set of three bands is 
assigned to the ν4 bending vibrations and the second set to the ν2 bending vibrations. 
Bands are not observed in this region in the infrared spectrum as the bands fall below 
the lower wavenumber limit of the ATR diamond cell.   
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 In comparison the Raman spectrum of annabergite shows two bands at 466 and 
442 cm-1; for erythrite bands at 457 and 439 cm-1; and for köttigite bands at 451 and 432 
cm-1.  These bands are attributed to the ν4 bending modes.  In contrast in the Raman 
spectrum of conichalcite an intense band is observed at 328 cm-1.  This band is assigned 
to the ν2 mode.  In contrast the bands for the basic copper arsenates at 350 cm-1 for 
olivenite, 340 cm-1 for cornwallite and at 380 cm-1 were attributed to the ν2 symmetric 
bending vibration.  A comparison may be made with the austinites where multiple 
bands were found in this spectral region.  The significance of this observation is that 
there is far less distortion of the arsenate anion in conichalcite than in the austinite 
series.  The observation of multiple bands for segnitite in both the ν4 and ν2 regions 
indicates a strong distortion of the (AsO4)3- ion resulting in a reduction in symmetry 
from Td to C3v or even C2v.  
  
 The spectra of the hydroxyl stretching region of segnitite are shown in Figure 4.   
Two intense bands are observed in the Raman spectrum at 3217 and 2982 
cm-1. In addition two bands may be resolved from the overall spectral profile at 3467 
and 3440 cm-1.  In the infrared spectrum bands are observed at 3452, 3341, 3161 and 
2919 cm-1.  These bands are assigned to the stretching vibrations of the OH units. In the 
spectra high wavenumber bands of low intensity are observed at 3467 and 3440 cm-1.  
These bands may be attributed to the stretching vibrations of (HOAsO3)3- units. The 
multiplicity of the OH stretching vibrations and the low wavenumber position of the 
bands are indicative of strong hydrogen bonding of the water and OH units to the 
(AsO4)3- unit. The comparison of the relative intensities of these bands would suggest 
the structure contains more water than OH units.  
 
 Studies have shown a strong correlation between OH stretching frequencies and 
both the O…O bond distances and the H…O hydrogen bond distances [44-47]. The 
elegant work of Libowitzky (1999) showed that a regression function can be employed 
relating the above correlations with regression coefficients better than 0.96 [48]. The 
function is ν1 = 1321.0
)(
109)3043592(
OOd −−
×−  cm-1. Two types of OH units are identified in 
the structure and the known hydrogen bond distances used to predict the hydroxyl 
stretching frequencies. Thus if we calculate the hydrogen bond distances using the 
Libowitzky type formula, the 3467 cm-1 band provides a hydrogen bond distance of 
2.854 Å, 3439.6 enables the calculation of a hydrogen bond distance of 2.8287 Å, 
3216.5 → 2.7096 Å, 2982.2 → 2.6453 Å.  The spectrum of segnitite may be divided into 
two groups of OH stretching wavenumbers: namely 3300−3500 cm-1 and 2900−3300 
cm-1. This distinction suggests that the strength of the hydrogen bonds as measured by 
the hydrogen bond distances can also be divided into two groups. An arbitrary cut-off 
point may be 2.74 Å based upon the wavenumber 3300 cm-1. The hydrogen bond 
distances 2.854 Å and 2.829 Å may be described as weak hydrogen bonding and the 
bond distances of 2.709 and 2.645 Å as stronger hydrogen bonds. Thus by using the 
position of the bands in the infrared spectrum, an estimate of the hydrogen bond 
distances can be made. Such values are difficult to obtain from single crystal X-ray 
diffraction data. Hydrogen bond distances can be obtained from neutron diffraction data 
but such studies are rare.  Powder X-ray diffraction gives an estimate of the O(2)-O(3) 
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distances of 4.65 Å which is very large value for a O-H..O distance. This may mean the 
hydrogen bonds are bifurcated in the segnitite structure. 
 
Raman spectra at 77 K 
 
 The Raman spectrum of segnitite shows better band separation enabling the 
more precise positioning of the overlapping bands. The most intense band is observed at 
858.9 cm-1 with a slightly decreased band width. Thus there is a slight shift to lower 
wavenumbers upon cooling to liquid nitrogen temperatures. The two ν3 modes are 
observed at 846.9 and 810.4 cm-1 with bandwidths of 15.2 and 37.3 cm-1.  
 
 The Raman spectrum of segnitite at 77 K shows an intense band at 480.0 cm-1 
with a bandwidth of 16.6 cm-1. Other sharp bands are found at 463.3 and 439.7 cm-1 
with bandwidths of 23.8 and 24.8 cm-1.  These bands are assigned to the ν4 bending 
modes of the (AsO4)3- unit. Raman bands in this region are in the main at the same 
position as in the 298 K spectrum or are slightly shifted to higher wavenumbers. The 
Raman spectrum at 77 K shows a set of bands at 316.8 and 300.1 cm-1. These bands are 
attributed to the ν2 bending modes of the (AsO4)3- unit.  Strong bands are observed at 
574.4, 238.5 and 208.8 cm-1. It is unlikely that these bands are attributable to the 
(AsO4)3- unit.  One possible assignment is to FeO vibrations.  The Raman spectrum of 
segnitite at 77 K shows four bands at 3462.8, 3413.3, 3200.5 and 3024.8 cm-1. The 
bands are assigned to the stretching vibrations of the OH units. These bands are very 
broad with band widths of 218.1 and 301.1 cm-1.  
 
Thermo-Raman spectroscopy  
 
 Thermogravimetric analysis of segnitite indicates a large mass loss at around 
400 °C with a second mass loss at 710 °C. The first mass loss is associated with 
dehydroxylation and the second mass loss with volatility of the (AsO4)3- unit.  The hot 
stage Raman spectra of segnitite in the 2600 to 3800 cm-1 region are shown in Figure 5.   
The spectra show that the intensity of the bands attributed to OH stretching vibrations 
approach zero by 400 °C, after which temperature no intensity remains in these bands.  
 
 In the 25 °C spectrum Raman bands are observed at 3466.6, 3439.6, 3216.5 and 
2982.2 cm-1. At 50 °C the bands are observed at 3458.4, 3415.2, 3232.3 and 3059.4 cm-
1.  The latter two bands show the most intensity and are assigned to the water stretching 
vibrations. The low intensity bands are assigned to hydroxyl stretching bands. The last 
band shifts to 3031.0 cm-1 at 100 °C → 3029.2 cm-1 at 150 °C → 2956.5 cm-1 at 200 °C. 
At higher temperatures no intensity remains in this band. ThermoRaman spectroscopy 
shows that the strongly hydrogen bonded water is lost by 200 °C. Above 200 C the 
relative intensity of the band at 3445.3 cm-1 increases as the intensity of the other bands 
decrease.  The position of the band is at 3414.3 cm-1 at 400 °C after which temperature 
no intensity remains in the band. ThermoRaman spectroscopy shows that 
dehydroxylation of the segnitite occurs at or before 400 °C. 
 
 The effect of temperature on the (AsO4)3- vibrations is shown in Figure 6. In the 
50 °C spectrum, the most intense band occurs at 862.5 cm-1 with additional resolved 
bands at 845.7 and 812.6 cm-1.  The assignment of the bands is as above. In the 100 °C 
spectrum the bands have shifted to 861.5, 845.2 and 811.7 cm-1; and at 200 °C to 859.6, 
844.2 and 806.7 cm-1; and at 300 °C 855.6, 842.2 and 804.5 cm-1. There is a shift in 
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band position to lower wavenumbers upon heating the segnitite. At 400 °C two bands 
are observed at 849.7 and 804.3 cm-1.   At this temperature the structure of the segnitite 
has been destroyed. X-ray diffraction shows that a mixture of lead and Fe3+ arsenates 
are formed. 
 
 In the 50 °C spectrum intense bands are observed at 477.5, 463.5, 436.3 cm-1 
and at 414.7, 367.5, 314.0 and 296.5 cm-1. The first set of three bands is assigned to the 
ν4 bending vibrations and the second set to the ν2 bending vibrations.  The first band at 
477.5 cm-1 shifts to 476.9 at 100 °C, 475.4 at 200 °C and 473.5 cm-1 at 300 °C. There is 
a trend of the band positions to lower wavenumbers upon thermal treatment. The band 
shows an asymptotic shift at 400 °C as the band centre jumps to 477.4 cm-1, and is at 
480.3 cm-1 at 450 °C. This jump demarks a phase change and structural change for 
segnitite at this temperature. Such a conclusion is in harmony with the 
thermogravimetric analyses and with PXRD data.  
 
Conclusions 
 
Hot stage Raman spectroscopy is a technique which is most useful for the study 
of secondary minerals such as segnitite. The hot stage Raman technique enables the 
temperature of dehydration and dehydroxylation to be estimated through decreases in 
intensity of the hydroxyl stretching vibrations.  No changes in the position or intensity 
of the (AsO4)3- units until after dehydroxylation has occurred. The advantage of hot 
stage Raman spectroscopy is that the technique can be used to determine phase changes 
and changes in structure.   
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  ATR     
298K 
Raman     
77K 
Raman   
Center FWHM % Center FWHM % Center FWHM % 
3452 29.9 0.2 3467 44.1 0.3 3463 31.0 0.5 
    3440 90.1 1.3      
3408 83.2 1.4     3413 61.3 0.9 
3341 149.0 4.9          
    3217 293.4 24.4 3201 218.1 16.0 
3160.7 274.1 18.5     3025 301.1 14.9 
    2982 392.6 22.3      
2919 363.4 41.9          
2665 182.7 3.3          
2364 19.3 0.7          
2334 32.9 0.8          
2098 103.9 1.4          
1615 188.2 1.6          
1452 56.8 0.5          
    1417 105.8 0.5      
1361 65.1 0.2          
1230 33.4 0.1 1231 43.7 0.2 1233 27.0 0.1 
1162 41.6 1.0          
    1128 109.9 1.6 1115 92.9 1.3 
1078 84.7 6.6          
1062 24.0 0.3          
1010 56.6 1.1          
994 11.9 0.1 998 11.6 0.3 998 8.8 0.4 
    931 77.5 2.0 937 66.3 2.8 
886 44.1 1.6          
854 31.9 0.9 860 56.8 14.0 859 53.0 22.8 
    848 15.6 1.2 847 15.2 3.5 
    811 38.4 1.2 810 37.3 2.5 
792 116.1 7.7          
    746 74.6 0.9 749 83.5 1.3 
680 66.3 4.3 689 24.6 0.2 689 26.3 0.6 
619 13.9 0.1          
585 77.8 0.6          
    572 51.9 3.2 574 38.0 1.5 
538 28.4 0.3          
    481 22.7 4.4 480 16.6 11.6 
    465 24.8 1.0 463 23.8 2.3 
    441 34.2 6.2 440 24.8 6.2 
    419 29.8 4.4 420 19.4 2.6 
    370 34.3 1.6 372 19.6 0.7 
    342 28.2 0.5      
    318 23.7 1.1 317 14.5 1.6 
    300 22.3 2.2 300 14.7 1.3 
    250 62.6 3.2 239 36.2 1.9 
    202 28.0 1.6 209 19.6 1.9 
      195 12.5 0.2 199 11.4 0.8 
 
Table 1 Results of the spectroscopic analysis of segnitite. 
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Figure 1 Model of the segnitite structure 
 (Oxygen-small white spheres, Fe-dark spheres, As light grey spheres, Pb-dark 
grey spheres) 
 
Figure 2 Raman spectra of segnitite at 298 and 77 K and the ATRIR spectrum of 
segnitite in the 650 to 1250 cm-1 range.  
 
Figure 3 Raman spectra of segnitite at 298 and 77 K in the 100 to 650 cm-1 range.  
 
Figure 4 Raman spectra of segnitite at 298 and 77 K and the ATRIR spectrum of 
segnitite in the 2400 to 3800 cm-1 range.  
 
Figure 5 Hot stage Raman spectroscopy of segnitite in the 100 to 1100 cm-1 range.over 
the 50 to 500 °C temperature range.  
 
Figure 6 Hot stage Raman spectroscopy of segnitite in the 2600 to 3800 cm-1 range.over 
the 50 to 500 °C temperature range.  
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